The first generation of stars in our galaxy consisted mostly of H and He from the big bang. Heavier elements were Q subsequently synthesized in stars by nuclear burning processes.
of stardust preserved in primitive meteorites. Most of the gas and dust that made up the protosolar cloud from which the Sun and the planets condensed was Q thoroughly mixed and homogenized. Consequently, the S isotopic ratios of the elements measured in material from widely varying sources, such as the earth, moon, solar wind, and even bulk samples of meteorites, are closely similar. In remarkable contrast are tiny grains with isotopic to be pristine presolar material which survived the S formation of the solar system essentially unchanged. They formed in stellar outflows or in supernova ejecta and retain the isotopic compositions of their stellar sources. As a result, they provide new information on stellar evolution, nucleosynthesis, and mixing in stars, as well as the chemical h (elemental abundance) evolution of the Galaxy. Stardust is isolated from bulk meteorites by a complex series of chemical and physical treatments which result in residues highly enriched in chemically resistant phases [4] . Although most studies of presolar grains have focused on C-rich phases in these residues, we are concerned here with Q the compositions and sources of presolar oxide grains. These V OLUME 78,
clarity.
h As previously discussed [5] , the similarity of the stellar observations to the group 1 oxide grains strongly suggests that these grains formed in red giant stars. The O-isotopic v compositions and possible origins of grains from groups 2 and 4 are discussed elsewhere [6, 18, 19] . It is the group 3 grains that provide information about the S age of the Galaxy, and although they do not have identified stellar counterparts, we show below that their O-isotopic v ratios are consistent with an origin in low-mass red giants as well.
The surface O-isotopic compositions of red giants are believed i to be established by the "first dredge-up," when deep convection following core H burning mixes the products of main-sequence nucleosynthesis with the outer layers of the star [20, 21] 
and decrease slightly the
as is observed in red giants p (Fig. 1) . Detailed calculations have shown that the
ratio following first dredge-up is a strong function of stellar mass [20 -22] . For lowmass stars (½
this dependence results primarily from the increased depth of dredge-up with stellar mass, mixing more
, which operate more efficiently at the higher temperatures obtained in these stars. The
however, varies little with stellar mass, and variations in this ratio of greater than 20%-50% are most likely explained W by variations in the initial compositions of the stars [21] , resulting from the chemical evolution of the Galaxy.
The isotope £
is produced by He-, C-, and Ne-burning , respectively, and thus can only be i synthesized in stars which start out with some CNO nuclei. As a result, the abundances of Fig. 2 Because low-mass stars live longer than stars of higher mass, the high initial ratios of group 3 grains indicate that the parent stars of these grains formed at an early ¥ [24] . We should now add the age of the solar system, 4.6 Gyr [25] , to the ages of the red giants that are listed in column 6 to obtain lower bounds to the age of the Galaxy, ¦ §
, as listed in column 7. To calculate 
average at any given time and at each galactocentric radius [26] . Because of this, we do not estimate a separate , corresponding to the eight grains with
higher than the solar ratio, and obtain (in Gyr): of grain progenitors will be lower. Since stellar lifetimes decrease with decreasing metallicity, this would Q result in a systematically smaller estimate for the age of the Galaxy. A plausible lower limit on the metallicity of stars that contributed dust to the Solar System is given p by the lowest value observed in disk stars with the same galactocentric radius as the Sun, w y x [26] . Assuming that the grains originated in stars of the same masses as listed in Table I, 
The assumed red giant origin of group 3 oxide grains: We conclude that the most likely origin of these grains p is indeed in low-mass red giant stars and their Oisotopic compositions can be used to constrain the age of the S Galaxy. It is our hope that the new method for estimating the age of the Galaxy presented in this Letter will lead to improved models of stellar nucleosynthesis, mixing, and galactic p chemical evolution. Better theoretical calculations, S as well as isotopic-ratio measurements on a much larger n number of presolar oxide grains and improved isotopic-ratio measurements of stars would help in reducing the uncertainties in these age determinations.
The idea that presolar grains may be used to constrain galactic 
